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571 ABSTRACT

A hollow structural member foi'me.d of thin sheet steel

~1s formed with one or more longitudinal joints and the
“interior is filled with a rigid lightweight synthetic plas- =

tics foam such as polyurethane. Each joint includes
folded lips or flanges which are designed to provide a

- restricted clearance or gap 1Into jwhich the foaming
~material penetrates and changes from a cellular to a
‘non-cellular composition and also provides an adhe-

sive bond at each joint and a moisture proof seal.

4 Claims, 6 Drawing Figures
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|
METHOD OF FABRICATING HOLLOW, -

2

'~ to-end or at an angle, with or without an internal cou-

FOAM-FILLED, METAL STRUCTURAL MEMBERS

CROSS REFERENCE TO RELATED APPLICATION

This application is a divisional of our prior, copend-

ing application Ser. No. 349,894, filed Apr. 10, 1973,

for Hollow Structural Members now abandoned.

This invention relates to the manufacture of hollow

structural members and it is a general object of the
invention to provide an economical process of manu-

facturing an elongated structural member of light

weight and appreciable strength which will also have-

some of the advantages discussed below.

The construction or fabrication of the holiow exter-
nal shell or casing of such a hollow structural member
is a relatively expensive process and if the shell is ex-

truded for example, the wall thickness cannot easily be
reduced beyond a certain himit so that the shell does

tend to be heavier than is necessary and its shape and -
characteristics are also limited in various respects. Also

if a coated sheet metal wall i1s used, such as a plastics
coated thin steel sheet, it is difficult or impossible to
join the sheet by welding without damaging the coating.

Now broadly stated the tnvention consists in a com-

posite structural member comprising an outer wall,
sheath, or skin, formed of a stiff or rigid sheet material,

with at least one continuous longitudinal joint, and an
internal rigid foam filling which penetrates at least
partly into the joint and adheres to the two parts of the
~-joint. The foam filling is conveniently a polyurethane
foam, which is of relatively low density in the main
cavity and is of higher density in the joint. |
Preferably the outer wall comprises at least one thin
sheet metal strip bent or rolled to the required protile,
and in many applications of the invention the outer wall

is formed at least partly of sheet steel.

10

pling member, both members being filled with a rigid

foamed material which also penetrates into and be-

“tween the jointing surfaces and provides internal com-

pression strength for each individual member and

bending or shear strength at the _]OIHt

The invention may be performed in various ways and
several embodiments with a number of modifications -
will now be described by way of example, with refer-

ence to the accompanying drawings, in which: _
FIG. 1 is a diagrammatic general perspective view,

partly in section, of the outer wall of an elongated

~ hollow structural member according to the invention,

15

20

before bemg foam filled,

FIG. 2 is a cross-section through another form of
structural member accordmg to the invention,
FIG. 3 is a plan view of a corner joint between two

hollow structural members according to the invention,
FIG. 4 is a somewhat simplified cross- -section on the

line IV — IV in FIG. 3, | |
FIG.S1sa fragmentary side elevation, similar to FIG.

3, of a practical form of corner joint for a window

25

frame according to the invention, the view. being .in

section on the line V — Vin FIG. 6, and
FIG. 6 is a cross sectlonal view through the Lonstruc-. '-

" tion of FIG. § on the line VI — VI.

30
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The joint may be made initially porous, or designed.

to provide a continuous or interrupted gap extending
along the length of the joint, to allow air to escape and
permit the fluid foaming material to enter the joint.
This helps in forming a rigid joint by improving the
adhesion, and also allows the foam material to fill the

joint and so provide a fluid-tight seal. Alternatively the

joint may be closed temporarily by a sealing strip,
which may itself be porous (for example a strip of adhe-
sive fabric or paper tape), which limits the escape of air

and effectively prevents the liquid filling material from

rescapmg
[t 1s also possible to obtaln effective results by closmg

40

In the structural member lllustrated in FIG 1 the
member has an outer wall formed in two parts 10 and
11 each of thin sheet metal strip, bent to approximately -

semicircular profile, for example by a simple roll form-
ing process. The two strips may be of the same mate-

rial, but in some examples one strip may be formed of
a relatively expensive non-corrosive material such as.
stainless steel while the other is formed of a cheaper__
material such as mild steel. The two strips are formed
with mterlockmg joints along their adjacent edges (12
and 13), and in this example the joints are formed

“simply by folded flanges along the edges of the metal

strips, which loosely interlock with each other when

“assembled. The two shaped strips can thus be pre-fab-
‘neated and assembled by relative lengthwise move- :

- ment and are then loosely interlocked to form a hollow
~ self-supporting tube as shown in FIG. 1. It will be noted

45

that this assembly operatlon does not require any final

clenching or nipping of the folded metal joints after
~assembly. When so assembled the two longitudinal

joints 12, 13, though reasonably “tight” in normal ap-

| pearance are deliberately designed to be non-airtight,

30

the joint lengthwise, but allowing a small escape path at
one or both ends of the joint, or at spaced intervals. In

general it is desirable that the joint (with or without a
temporary closure) should be designed to encourage or
permit the penetration of the internal foam filling mate-
rial while in its liquid condition, and to limit or con-

“strict the flow of this material in such a way that its
density increases and it becomes substantially non- cel- o

lular.

wall of the hollow member is formed in two Or more

separate longitudinally extending parallel lengths, with
two or more longitudinal joints, and it is of especial

advantage that the hollow wall should be self-support-

ing before the interior is filled with foam s0 as to act as ¢

a mould for the foam filling.

The invention also resides iri an assembly or structure
comprising two hollow structural members joined end-

or air permeable, to an extent which will be explained

below. |
- After fabrleatlon the ends of the tube are closed off

| by plugs, and the interior of the hollow tube so formed

~is filled with a polyurethane foaming mixture of known

55

According to a preferred feature of the mventlon the 60

type, selected to produce a final rigid foam of relatively
high density, i.e., having a density of about 5 lbs/cu. ft.

and possibly up to about 10 lbs/cu. ft. When 1n1tlally_ o

introduced this material is extremely fluid and under its

own self-generated internal pressure within the closed -
tube it penetrates into the two joints 12, 13 and pro-

' vides an adhesive between the two parts of each joint.

The gap between the folded sheet metal parts at each

~ joint is designed to allow air trapped within the cavity

65

“of the tube and within the joint itself to be displaced by

the polyurethane material, but at the same time to

5 restrict and constrict the flow of fluid polyurethane. In
" these conditions the composition of the polyurethane

ehanges from a relatively low density cellular structure

in the mam cavlty of the tube to a relatively high den-
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sity solid or non-cellular structure 1n the joint itself.
When solidified the polyurethane acts as an extremely

strong adhesive and in addition forms a continuous

fluid-tight seal along each joint which will prevent or
restrict penetration of water or moisture into the inter-
1ot of the complete structure. The layer or film of poly-
urethane within each joint also provides a degree of

thermal insulation between the two metal parts 10, 11,
which is of advantage in window frame constructions.
The structure so formed has shear continuity in the

sense that the two wall parts or shells 10, 11 are rnigidly

10

secured to each other, so that the composite member

has good torisonal and bending strength, and it will be
noted that the adhesive bonding at the two joints is
formed simultaneously with the foam filling and re-
quires no special process such as welding or an addi-
tional bonding step.

In the construction illustrated in FIG. 2 the two thin
sheet metal shell sections 15, 16, are not directly inter-
connected at the joints 17, 18, but each joint includes
an intermediate longitudinal connecting strip 19 which
has inturned lips 20 along both opposite edges, fitting
loosely within corresponding folded lips 21 on the main
shells 15, 16. These connecting strips 19 may be
formed of thin sheet steel as in the case of the shells 15,
16, or they may be formed of nigid plastics or other
thermal insulating materials. In the final stage of manu-
facture a polyurethane foaming mixture is mtroduced
into the main cavity of the member to fill the whole
intertor as indicated at 22, and simultaneously the fluid
polyurethane penetrates into and between each of the
joints, where it changes in consistency from a cellular
foam to a solid homogeneous material and forms an
adhesive bond, a thermal barrier, and a fluid-tight seal,
between the two shells 15, 16 and the strips 19.

A particular advantage of the methods of construc-
tion involved in these two examples i1s that the mitial
fabrication and assembly of the metal coomponents is
greatly simplified and each joint can be quite loose. For
example the lips or edges 21 of the two metal shell
members 15, 16, in FIG. 2 can be bent over 1n a stan-
dard bending process and the joining channel strips 19
can then be easily inserted into position lengthwise. No
clenching operation is needed and therefore it 1s unnec-
essary to support the assembly internally while pressure

for a clenching stage is applied externally.

[t will also be noted that the solid polyurethane plas-

tics material occupies all the gaps between the metal
components and forms an effective thermal barrier
which is extremely useful in structures such as window
frames exposed on opposite sides to the internal room
temperature and the external atmospheric tempera-
ture. This thermal barrier or insulation effect can be
further improved by using joining elements 19 which
are themselves thermally insulating e.g. they may be
formed of synthetic plastics or they may be coated-with
a layer of plastics. o

In the actual process of forming a structure as shown
in FIG. 2 it may be useful to apply a temporary perfo-
rated or porous adhesive tape 23 along each of the
joints, as illustrated in dotted lines, in order to allow air
to escape while the plastic is penetrating through the
joint but to prevent the fluid polyurethane from escap-
ing at the gap between the two metal shells. When the
polyurethane has solidified the strips 23 are then re-
moved.

It has been found that the result of the natural exo-
thermic reaction of the polyurethane, combined with
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the oxidising effect arising from contact of the polyure-
thane with air at the joint results in a very surprising
adhesive bond which is effective with several materials
which are normally difficult in this respect, including
ABS (acrylonitrile butadiene styrene) and PVC (poly-
vinyl chloride).

The corner joint illustrated In FIGS. 3 and 4 com-

prises two hollow foam filled structural members 25,
26, mitered at their adjacent ends to form a 45° joint
27, and connected by an internal hollow right-angled

coupling sleeve 28, which has two limbs fitting respec-
tively into the open ends of the two members. The
sleeve is not a tight fit within the members 25, 26 and
some slackness is provided to permit air to escape and
to allow the foam material, when introduced initially in
fluid form, to penetrate around the sleeve and into the
joint 27. After the two members have been assembled
over the coupling sleeve the whole interior is filled
under pressure with polyurethane foam 29 which
passes through the hollow interior of the sleeve 28,
forms a continuous structural connection around the
corner, and also fills the inter-face at the joint 27 and

provides an adhesive connection and a fluidtight seal.
As in the previous examples the joint 1s so formed that
in penetrating into the gaps of the joint the structure of

the polyurethane changes and becomes a relatively

solid non-foamed adhesive in the joint itself, the gaps
being so designed that air can escape without the poly-
urethane exuding to any substantial extent.

The corner joint illustrated in FIGS. S and 6 consists
essentially of two hollow elongated foam filled frame
members 40 and 41, both of identical cross section,
joined at a mitred 45° angle joint 42 with an internal
hollow remforcmg corner piece 43.

As tllustrated in FIG. 6 each member 40, 41, 1s bas:-
cally of T-section and is formed by two separate elon-
gated sheet steel members 44, 45. The member 44 1s
rollformed to provide the main hollow rectangular
section 46 and the two edges of this member are bent
outwards as shown at 47 with their extreme edges 48
folded inwards towards each other providing a hook
shape as seen in section. The other member 45 1s gener-
ally flat but has a central groove 49 and both edges are
turned inwards at 50 with their extreme lips folded
outwards at 51 prowdmg further hooked shaped forma-
tions. |

It will be noted that the general flat sheet metal mem-
ber 45 combined with the folded and inturned lips and
flanges 47, 48, 50, and 51 provides in effect a pair of
multiple layer lateral wings or flanges attached to the
main hollow box section 46. These flanges are impor-
tant features in the design of a frame member for a
window. -

- These lateral flanges also provide the means for rig-
idly interconnecting the two sheet metal members 44,
45. For this purpose a channel shaped interconnecting
strip 52 is inserted lengthwise into each of the lateral
flanges, with inturned lips 43 loosely located within the
hook shaped formations provided by the folded lips 51
and 48. In FIG. 6 the clearance between these respec-
tive parts is exaggerated for clarity and in practice the
parts would be simply a loose sliding fit providing clear-
ances of the order of 0.02 to 0.002 inches. The inter-
connecting strips S2 may be formed of rigid synthetic
plastics material, or of sheet metal, or for example of

-~ sheet metal coated with a synthetic plastics. The use of

a synthetic plastic material is of some advantage in
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providing a thermal barrier between the two metal

components 44 and 45.

The internal reinforcing element 43 may be formed
of a rigid synthetic plastics material of the cross-section
illustrated in FIG. 6, so as to fit loosely within the hol-
low metal section 46, leaving a clearance around Its
edges. This corner reinforcing element is located 1n the
member 41 by means of rivets 50 or other fasteners,
and when the two members 40, 41 are initially assem-
bled the corner joint is held together by a fastening
screw or bolt 52 which passes through one limb of the
corner reinforcing member 43 ‘and enters a screwth-
read in a clamping piece 54 rivetted in the other hollow
member 40. After the screw 52 has been tightened the
respective limb of the corner element 43 is fixed to the
member 40 by further rivets 35.

Finally the whole of the window frame or other struc-

ture, having four or more of the corner constructions as
described, is fitted with a fluid polyurethane foaming
mixture 56 as described in the previous examples. This
fluid polyurethane material penetrates from the hollow
box section 46 into the lateral flanges and flows around

the interconnecting members 52 and between the inter-
leaved folded lips 51, 53, and 48, 33, in the same gen-
eral manner as described with reference to FIG. 2. 1t
will be noted however that in this construction the
interleaved folds 51, 53 and 48, 53 are external and
therefore it is possible to apply crimping pressure to
these folds without supporting the structure internally
a5 in the case of the FIG. 2 embodiment. This crimping
‘operation at the folded metal lips 1s performed before

10

15
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25
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the foaming operation but even after crimping there Is
just sufficient clearance for the above mentioned pene-

tration effect to occur. Again if necessary a perforated

adhesive strip may be applied over the parts 47 and 50
to prevent escape of the fluid polyurethane. The fluid

polyurethane foaming mixture also passes through and
“around the internal reinforcing corner member 43 and
- provides an adhesive bond between this member and
the two metal parts 40 and 41, and a continuous struc-
tural joint around the corner and in addition an adhe-
sive bond and moisture seat at the joint 42.

We claim:

1. The method of constructing a structural member

“for use in an architectural or building panel, comprising
the steps of fabricating a pair of hollow frame mem-
bers, each of said frame members being fabricated by
shaping a pair of elongted thin sheet metal strips to
desired cross-sectional profiles, assembling said pro-

35

40

6

in loose engagement with its associated pair of elon-

“pated strip edges at the time of said assembly step to

define a gap which extends along each of said joints and
through which air may escape from the interior to the
exterior of said hollow frame member, positioning said
pair of frame members in closely adjacent end-to-end
relation to one another, interconnecting said pair of
closely adjacent hollow frame members by inserting a
hollow reinforcing member having two communicating
hollow limbs into the adjacent hollow ends of said pair
of hollow frame members respectively to conceal said

reinforcing member completely within said frame
members, said hollow reinforcing member being fit

loosely into each of said frame members to provide a
clearance between the exterior of said reinforcing
member and the interior facing surfaces of said frame
members, and thereafter strengthening said hollow
frame members with a rigidifying plastic material by
introducing plastic foam material in fluid form into the
spaces between said pairs of profiled strips to com-
pletely fill each of said hollow: frame members and to
extend continuously between said two frame members
via the communicating hollow limbs of said reinforcing
member while displacing air from the interior of said
reinforcing member and the ‘interiors of said hollow
frame members via said gaps in said joints, said plastic
foam introducing step being continued to an extent
sufficient to cause said plastic ‘foam material to pene-
trate into each of said longitudinal joints and into said
clearance to close each of said gaps and to form an
adhesive bond connecting each of said thermal insulat- -

ing elements to its associated pair of elongated strip

edges thereby to fixedly connect the pair of metal strips
in each frame member to one another along said joints
and to fixedly connect said pair of frame members to

one another at said reinforcing member, the portions of

said introduced plastic foam material which penetrate
into each of said joints and into said clearance changing
in consistency at the time of penetration from a cellular
foam to a solid homogeneous material to cause said
plastic material to exhibit a higher density in said joints

. and clearance than in the main spaces within said hol-

435

low frame members.

2. The method of claim 1 including the step of miter-

" ing the ends of said pair of frame members prior to

positioning said frame members in end-to-end relation

 thereby to form a corner structure.

- 50

- filed strips into a comparatively weak, hollow frame .
member by positioning the shaped strips in general

alignment with one another with the profiled portions
of said strips being in opposing spaced relation to one
another and with each elongated edge of each strip
being disposed adjacent to but spaced from an elon-
gated edge of the other strip, said assembly step for
each frame member further comprising bridging the
space between the edges in each pair of adjacent edges
of said two strips by means respectively of two elon-
gated thermal insulating members which extend re-

3. The method of claim 1 wherein said shaping step
includes the step of forming a folded lip along each
elongated edge of each of said strips, each of said ther-
mal insulating members comprising an elongated mem-

_ber having folded lips along its opposing edges for n-

another while still providing said gap along each of said : o

<o joints, prior to said filling step.

spectively along the two pairs of adjacent spaced edges

to form two spaced longitudinal joints in said hollow
frame member, each of said insulating members being

65

terengagement with the folded lips of said strips, said
assembly step comprising applying crimping pressure
to the interengaged folded lips of said strips and insulat-
ing members, to hold said strips and thermal insulating o

members in mechanically engaged relation with one

4. The method of claim 1 wherein said pair of thin'
sheet metal strips are different in metallic composition |

from one another.
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